Perception of sound inside the human ears without any external source is called the tinnitus, which is a commonly prevalent disorder ranging from 7% to 20% in randomly selected individuals [1] . Tinnitus is associated with different peripheral hearing-related problems or central spontaneous perception may also occur without any abnormalities. Even then some research work exhibits association between tinnitus and co-occurring neural activities at the peripheral and central auditory systems till the level of cortex. This tinnitus is usually evaluated by an individual's perceptual characteristics in which usually the procedure employed was the matching of pitch and intensity of perceived tinnitus by the individual [2, 3] .
INTRODUCTION
Perception of sound inside the human ears without any external source is called the tinnitus, which is a commonly prevalent disorder ranging from 7% to 20% in randomly selected individuals [1] . Tinnitus is associated with different peripheral hearing-related problems or central spontaneous perception may also occur without any abnormalities. Even then some research work exhibits association between tinnitus and co-occurring neural activities at the peripheral and central auditory systems till the level of cortex. This tinnitus is usually evaluated by an individual's perceptual characteristics in which usually the procedure employed was the matching of pitch and intensity of perceived tinnitus by the individual [2, 3] .
Temporal resolution is often referred to as an individual's ability to detect the smallest change in acoustic events concurrent to time. It is important for resolving brief dips in the intensity of the interfering noise and, therefore, is critical for understanding speech in these situations. Duration discrimination test (DDT), difference limen for intensity (DLI), and difference limen for frequency (DLF) are relatively simple psychoacoustic methods of measuring differential sensitivity [4] . Measurements from the above-mentioned tests have been used traditionally for identifying a deficit in frequency, intensity, and temporal resolution. It is to be believed that in individuals with tinnitus, the co-occuring neural activity might create disturbances in the measurement of these differential sensitivities when compared to individuals with no tinnitus. Temporal resolution abilities in individuals with tinnitus are affected with poor performance of temporal processing skills, assessed by duration pattern test and gap detection in noise There are no studies that have used duration discrimination, pitch discrimination, and intensity discrimination tasks to assess differential sensitivity in individuals with tinnitus. In addition, none of the studies have attempted to evaluate differential sensitivity around the perceived tinnitus pitch. Thus, studies using these measures can provide some insight regarding the involvement of central and peripheral auditory mechanisms on perception of tinnitus, which may impact the auditory processing abilities. Hence, the present study aimed at determining the DDT, DLI, and DLF thresholds in patients with tinnitus at the tinnitus frequency and half an octave above and below the frequency of tinnitus perception.
MATERIALS AND METHODS
Fifteen participants in the age range of 18 to 40 years (mean=29.47 and standard deviation=7.20) with their hearing thresholds at normal limits or minimal hearing loss with tinnitus were included in the present study. All the participants had tonal tinnitus, which was continuous in nature. The demographic data of the participants with the duration of tinnitus and location of tinnitus are provided in Table 1 .
Pure tone audiometry (PTA) and immittance audiometry were carried out to diagnose the degree and type of hearing loss. Tinnitus evaluation was done to determine the frequency and intensity of tinnitus. Assessment of tinnitus was carried out to define the perceived pitch and intensity of the tinnitus. In the pitch matching procedure, the participants were presented with pure tones and they were instructed to match the frequency with the one that closely resembles their perceived pitch of the tinnitus. This matched frequency was taken as a reference signal for loudness matching. In loudness matching, the intensity of the tone was varied in 5-dB steps until the subject heard the sound equally loud as that of the perceived tinnitus. This was helpful in recruiting participants with the tonal perception of tinnitus, which is continuous in nature, and the matched tinnitus frequency was considered for carrying out the following tests.
DDT, pitch discrimination test (PDT), and intensity discrimination test (IDT) were carried out on all the participants using MATLAB software (Mathworks, R2014b, Standford University, California) using an MLP toolbox at the matched tinnitus frequency, half an octave below and above the frequency. In the duration discrimination task, the minimum time difference required to differentiate between two sounds as different was assessed in which it had three blocks with two having a standard stimuli and one being a variable stimuli of 250 ms long pure tone with raised cosine ramps at an onset and offset of 10 ms [6] . Among the three blocks, the block with varied stimuli has a variable duration from 0 to 25 ms from the standard and the task of the patient was to identify the block containing the variable stimulus. A three-down, one-up rule was used to estimate the difference equivalent to the 79.4% psychometric function. Likewise, the pitch discrimination and intensity discrimination tasks focused on estimating the minimum frequency and minimum intensity required to differentiate between two sounds. In the pitch discrimination task, on each trial of three blocks, two blocks had standard frequency pure tones, and another block contained a pure tone of variable frequency, which is always greater than the standard frequency and the participant was instructed to identify the block containing variable frequency. The three-down, one-up rule was used to approximate the frequency difference equivalent to the 79.4% psychometric function. In the intensity discrimination task, the minimum intensity required to differentiate two sounds as different was estimated. For the variable stimuli, the intensity was varied from 0.99 dB and 10 dB as a minimum to maximum deviation in the stimuli. The participant's task was to identify the variable block. The three-down, one-up rule was used to estimate the intensity difference equivalent to the 79.4% psychometric function.
Statistical Analysis
The data were collected and subjected to statistical analysis using The Statistical Package for the Social Sciences (SPSS) v20 software for Windows (IBM Corp.; Armonk, NY, USA).
Ethics Consideration
In the present study, all the testing procedures were carried out using non-invasive techniques, adhering to the conditions of the Ethics Approval Committee of the institute. All the procedures were explained to the patients and informed consent was taken from all the participants of the study.
RESULTS
The mean and standard deviation of duration discrimination thresholds, difference limen intensity, and difference limen frequency were determined and are shown in Figures 1, 2 and 3 , respectively. The figures show that the DDT, DLI, and DLF were higher at the tinnitus frequency compared to half an octave above and below the tinnitus frequency.
The Shapiro-Wilk test of normality showed that the data were not normally distributed (p<0.01). Hence, non-parametric inferential statistics were done. The Friedman test was carried out to determine 254 Table 2 .
Hence, the Wilcoxon signed-rank test was carried out separately to compare two conditions. The results show that there was a significant increase in DDT, DLI, and DLF thresholds at the tinnitus frequency compared to half an octave above and below the matched frequency. There was no significant difference in DDT, DLI, and DLF thresholds between half an octave above and half an octave below the tinnitus frequency conditions. The power of the test (effect size) was calculated using the formula Z/√N. The power of the test ranged from 0.73 to 0.77, suggestive of moderate to strong effect. The results of the Wilcoxon signed-rank test and the power of the test are shown in Table 3 .
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DISCUSSION
Tinnitus is defined as a perception of sound without the presence of external sound stimuli and the exact physiology behind it is still unclear. Some researchers hypothesized that this perception is basically associated to the background nerve activities at the neural level of an individual's auditory mechanism. Some research works depict that the perception of tinnitus may be a result of deficit in the neural structures anywhere at the level of the central auditory mechanism. At this level, the generation of tinnitus may be due to altered afferent input to the system which in turn initiates a complex sequence of events at the level of central auditory mechanism [7] . A cochlear disorder undiagnosed by PTA may also initiate a series of processes in the nervous system, which in turn exhibits tinnitus. Temporal processing is an essential skill for processing complex auditory signals, and these skills are basically referred to as the minimum time required to segregate or analyze an auditory event. The most commonly employed psychophysical tests to assess these skills are the gap detection test (GDT), DDT, PDT, IDT, and the temporal modulation transfer function test (TMTF).
The present study assessed the ability of the duration discrimination (DDT), pitch discrimination (DLF), and intensity discrimination (DLI) tests at and around the tinnitus frequency in individuals with normal hearing sensitivity and/or minimal hearing loss with tinnitus. To attain good temporal resolution abilities, the auditory system requires a balanced neuronal firing at the level of excitatory and inhibitory synapse. However, in individuals with tinnitus at the tinnitus frequency, there may be a possible influence, which impairs the processing skills at the tinnitus frequency compared to one octave above and below it.
In the field of audiology, assessing the central auditory processing is a scope of practice. It is also well reported in the literature that the temporal processing abilities are affected in individuals with tinnitus [5] . A research work also showed a statistically significant increase in the gap detection threshold in individuals who had deficit in the central auditory nervous system, and hence this psychophysical measure can be considered as an effective tool for assessing the temporal resolution clinically [8] . A research work on 18 individuals with tinnitus and 23 normal hearing individuals using the GIN test reports a normal identified gap with shorter time intervals compared to that of individuals with tinnitus, and hence it is postulated that the ongoing tinnitus masks the gap and exhibits difficulty in processing the gaps at both the high and low frequency background [9, 10] . In addition, it is also reported that individuals with tinnitus needed longer duration of time to identify gaps compared to that of non-tinnitus individuals and it is postulated that the neuronal activity may prolong the thresholds of GDT [11] . Thus, the poorer performance at the tinnitus frequency indicates a processing deficit of differential sensitivity at the frequency of tinnitus.
CONCLUSION
The results of the study suggest that the differential sensitivity for frequency, intensity, and duration are affected in individuals with tinnitus, especially at the frequency of tinnitus. This suggests abnormal auditory processing at the tinnitus frequency, which needs to be explored further.
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